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Abstract 
Stable tearing has been observed on many fracture surfaces of in-service failures of aluminium alloy aircraft components.  
Separate studies show that stable tearing is able to occur under constant-amplitude (CA) or variable- amplitude cyclic (VA) 
loads, and it has been proposed that in aluminium alloys, the first onset of tearing occurs when the maximum stress intensity 
factor of the cycle exceeds the fracture toughness.  This paper describes a study to produce constant- and variable-amplitude 
tearing in 7075 aluminium alloy compact tension specimens which examines this phenomenon in greater detail.  The results show 
that CA and VA tears are macroscopically different and initiate at different values of stress intensity factor. 
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1. Introduction 
Stable tearing has been observed [1-6] on many fracture surfaces of aircraft components which have failed by 
fatigue cracking.  The presence of stable tearing, which interrupts the fatigue crack growth with regions of 
significant crack advance, has been reported to add complexity to the determination of the service crack growth rate 
[1,4].  Separate experimental results have shown that stable tearing may occur under variable-amplitude (VA) [3] or 
constant-amplitude (CA) [7] cyclic loading conditions, but currently, no joint or comparative study has been 
performed, and the parameters controlling the tearing are not yet well understood, making it difficult to develop 
prognostic models.  For aluminium alloys, it has been suggested [3,7] that the first occurrence of tearing occurs 
when the maximum stress intensity factor, K exceeds the plane strain fracture toughness, KIc.
This paper describes experimental programs to study the parameters controlling the onset of CA and VA tearing, 
and factors affecting the size of tearing. 
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2. Experimental Details 
2.1 Material
The 7XXX series of aluminium alloys is widely used in a range of current aircraft, and 7075-T651 aluminium 
alloy was tested in this study.  Typical chemical compositions and static mechanical properties of this alloy [8] are 
shown in Table 1. 
Table 1. Typical chemical composition and static mechanical properties (in the rolling direction) of 7075-T651 aluminium alloy at room 
temperature [8]. 
Zn Cu Cr Mg
Principal alloying element, typical % by weight 5.6 1.6 0.23 2.5 
Yield strength, ıYS
(MPa)
Ultimate strength, ıUT
(MPa)
Elongation, İ f
(%)
Fracture toughness, KIc
(MPa¥m)
505 570 11 29 
2.2 Specimen 
The compact tension (CT) specimen was adopted for this study and was designed according to the ASTM E 651 
[9].  The specimens had an average thickness, B (measured at three locations in the plane of the notch between the 
notch tip and the specimen edge) of 6.50 ± 0.01 mm and the average width was 40.00 ± 0.05 mm.  All specimens 
were cut so that the load line was parallel to the rolling direction.  
2.3 Experimental procedure 
The specimens were all tested at an ambient temperature of 22 ± 1 oC using an MTS 810 Material Testing 
System, with a maximum capacity of 100 kN, and controlled by the TestStarTM IIs program.  There were separate 
tests for CA and VA sinusoidal load cycles.  Details of the load ranges are as shown in Table 2. 
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Time
Table 2. Details of cyclic loading spectra for each specimen. 
Pmax
Pmin Pmin Time
Pmax
Pol
Constant-amplitude Variable-amplitude
Specimen Code A B C D E F  G H I J K 
P
min
 (kN) 0.2 0.3 0.4 0.5 1.2 0.4 0.2 0.2 0.2 0.2 0.2
P
max
(kN) 2.0 3.0 4.0 5.0 4.0 4.0 2.0 2.0 2.0 2.0 2.0
P
ol
   (kN) - - - - - -  3.0 3.5 4.0 4.0 5.0 
Cycles/second 5 10 10 10 10 5  5 5 5 5 5
A total of 11 CT specimens were tested, marked alphabetically from A to K. Specimens A – F (6 specimens) 
were loaded with CA sinusoidal load cycles (constant Pmin and Pmax), while specimens G – K (5 specimens) were 
loaded with a CA sinusoidal background load cycle with intermittent cycles of high load (at various levels). 
2.4 Examination of fracture surface 
The macroscopic characteristics of the fracture surfaces were studied at high magnification using a digital 
microscope. A typical macrograph of fracture surface exhibiting stable tearing is shown in Fig. 1.  
Fig. 1. Examination and measurement of stable tearing (specimen G); (a) macrograph of fracture surface shows multiple dull strips of stable 
tearing interrupting bright areas of fatigue cracking.  Note that the appearance (intensity) of final unstable fracture area appears similar to the
stable tearing; (b) areas of tearing (hatched) are reproduced in CAD program; (c) measured crack depths.  The crack grows from left to right. 
The macrograph of fracture surfaces were then replicated by using a computer aided design (CAD) program, to 
facilitate the measurement of crack depth and crack-front length; this was particularly useful in some cases, 
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especially under CA load cycles, where there was little contrast between the macroscopic appearances (intensity) of 
tearing and fatigue areas.  
3. Results
3.1 Classification and notation of tearing 
The macroscopic tearing bands on fracture surface of each specimen were numbered according to the sequence of 
occurrence, such that the first tearing that appeared on specimen A was marked as A-1.  The final tear, which led to 
final unstable fracture, was indicated with capital “F” next to the specimen code.  See Table 3. 
3.2 Determination of crack depth, a and stress intensity factor, K 
The reported crack depth, a, was measured at the most advanced point along the crack front, as illustrated in Fig. 
1.  In cases where the crack-front was substantially curved (see discussion later), this value may be much larger than 
the average crack length.  The reported a and the maximum load in each fatigue cycle (namely Pmax for CA and Pol
for VA) were then used to determine the stress intensity factor, K according to ASTM E 561 [9], and results are 
shown in Table 3. 
Table 3. Details of measured and calculated parameters for stable tearing. 
Crack depth, a (mm) Crack-front length, l Stress intensity factor, KTear 
number Onset, ai Arrest, aj
Tearing depth 
(at max crack 
depth) ǻa (mm) 
Onset, li Arrest, lj Onset, Ki Arrest, Kj
A-1 28.5 29.1 0.6 7.3 7.8 35.4 38.5 
A-2 29.3 30.2 0.8 7.7 8.6 39.9 45.5 
A-F 30.9 8.6 51.5   
B-1 25.4 25.6 0.2 1.2 1.3 36.5 37.2 
B-2 25.8 26.1 0.3 6.8 7.1 38.1 39.3 
B-3 26.4 26.6 0.2 7.3 7.6 40.5 41.7 
B-4 26.9 27.6 0.7 7.5 8.4 43.1 47.0 
B-5 28.1 29.2 1.0 8.5 9.2 50.7 58.5 
B-F 29.4 9.2 60.6   
C-1 22.3 23.1 0.8 7.0 7.9 35.9 38.4 
C-2 23.7 24.3 0.7 8.3 9.2 40.6 43.3 
C-F 24.6 8.9 44.5   
D-1 19.7 20.4 0.6 6.9 7.5 36.4 38.2 
D-2 20.8 21.4 0.6 7.0 7.7 39.5 41.4 
D-3 21.9 22.8 0.9 8.7 9.6 43.3 46.9 
D-F 23.5 9.4 50.1   
E-1 21.9 22.7 0.8 7.5 8.2 34.7 37.1 
E-2 22.9 23.3 0.4 8.1 8.6 37.9 39.3 
E-3 24.0 25.9 2.0 8.1 9.8 41.9 51.5
E-F 26.0 9.2 52.0
F-1 22.3 22.6 0.3 7.6 8.1 35.9 37.0
F-2 22.9 23.3 0.4 7.9 8.2 37.9 39.2
F-3 23.6 24.3 0.6 8.2 9.0 40.6 43.1
F-4 24.4 25.7 1.3 8.8 10.0 43.9 50.1
F-F 26.2 10.0 53.3   
G-1 20.4 20.4 0 6.8 6.8 22.9 22.9
G-2 21.2 21.2 0 6.8 6.8 24.4 24.4
G-3 22.1 22.1 0 6.8 6.8 26.5 26.5
G-4 22.3 22.3 0 6.7 6.7 27.0 27.0
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G-5 23.1 23.3 0.2 6.7 6.9 29.0 29.4 
G-6 24.7 26.0 1.3 6.8 8.0 33.9 38.8 
G-7 27.1 30.0 3.0 6.9 10.0 44.0 66.9 
G-F 30.1 9.1 68.0   
H-1 20.4 20.4 0 6.8 6.8 26.7 26.7 
H-2 21.4 21.4 0.1 7.0 7.0 29.1 29.1 
H-3 22.4 22.7 0.3 7.0 7.3 31.8 32.7 
H-4 23.3 23.5 0.2 7.2 7.5 34.4 34.9 
H-5 24.4 25.3 0.9 7.5 8.5 38.2 42.0 
H-6 25.6 27.3 1.7 8.0 10.2 43.5 52.8 
H-F 27.4 9.0 53.8   
I-1 20.3 20.6 0.4 6.8 7.0 30.3 31.2 
I-2 21.4 23.2 1.8 6.6 8.4 33.1 38.8 
I-3 23.3 25.3 2.0 7.2 9.7 39.2 47.8 
I-F 25.8 9.6 50.8   
J-1 18.9 19.0 0.1 4.7 4.8 27.4 27.5 
J-2 20.0 20.2 0.2 6.6 6.7 29.7 30.1 
J-3 20.6 20.8 0.2 7.3 7.4 31.1 31.6 
J-4 21.6 22.9 1.3 6.8 8.0 33.8 38.0
J-5 23.3 24.8 1.5 7.6 9.0 39.4 45.5
J-6 28.9 29.5 0.6 7.7 8.3 37.6 41.1
J-7 29.6 30.0 0.4 8.2 8.5 41.6 44.5
J-F 30.2 8.4 46.1   
K-1 20.4 22.8 2.4 6.9 10.0 38.2 46.7 
K-2 28.5 29.2 0.7 7.1 7.8 35.5 39.0 
K-3 29.9 30.8 0.9 7.6 8.7 43.4 50.3 
K-F 31.2   8.7   54.7   
4. Discussion
In the early phase of formation, as observed in this study, tearing appears as a very thin dark line with ǻa § 0 or is 
contained in the middle zone with l < B.  Example of tearing of negligible depth is G-1 as shown in Fig. 1.  Tearing, 
in its early stage is also often apparent as a narrow and dull thumbnail-shaped band.  It has been suggested that this 
local tearing at the mid-thickness may be rationalised by local inhomogeneity of the material [2], irregular 
distribution of the main alloying elements [3] or present of micro-defects [10].  Some locations across the specimen 
thickness are likely to be weaker than others, making them prone to tear first.  However, it is believed that these 
variations are unlikely to be significant in modern aerospace materials such as that used in this program, and the 
dominant factor will be through-thickness differences in stress conditions.  
Therefore, based on Table 3, data to evaluate the first onset of tearing is selected based on the following 
conditions being met, namely (1) tearing depth is visible on the fracture surface (ǻa > 0) and (2) the crack-front 
length is greater than the specimen thickness (l > B).  Based on these conditions, the magnitudes of K for first onset 
of significant tearing are plotted as shown in Fig. 2. 
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Fig. 2. The relationship between (a) the applied cyclic loads [black bars represent the CA or background fatigue cycles, while the white bars 
represent high loads in the VA cycling], (b) the stress intensity factor at first onset of significant tearing and (c) its result in terms of tearing depth 
in each specimen.  Specimens J and K were loaded with VA load cycles, but failed under CA background cyclic load.  
The Ki1 are not affected in a consistent way by the variation in Pmax and Pmin of the cyclic loads.  Instead, the 
tearing, especially its first onset, seems to occur at a consistent value of the stress intensity factor Ki1 (which is based 
on the Kmax measured at the maximum depth of the crack front).  The specimens J and K, which were loaded with 
VA load cycles but failed under constant-amplitude background load cycles, also produce values of Ki1 that are 
within the range of K in CA.  Higher Pmin in specimen E and lower cyclic frequency in specimen F, as compared to 
specimen C also do not appear to significantly affect the Ki1.  An increase in the overload level for variable-
amplitude load cycles also does not lead to a consistent effect on the Ki1 (except for specimen K, which will be 
discussed later).  
The value of  Ki1 is clearly related to the type of loading sequence, namely, in CA, the tearing starts at a Ki1 that is 
higher than that for the VA load cycling.  In CA, the magnitudes of Ki1 range from 35 to 38 MPa¥m (average 36 ± 2 
MPa¥m), while in VA,  the Ki1 varied from 29 to 32 MPa¥m (average 30 ± 1 MPa¥m and excluding specimen K).
So both load cycles (CA and VA) yield approximately constant, but different Ki1. Subject to further confirmation, 
this may indicate that these values represent a threshold K for tearing to occur under the respective types of 
sequence.   
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The tearing depth, ǻa is also insensitive to the change in Pmax and Pmin of the cyclic forces, but inclined to exhibit 
the same trend as the Ki1, when we compare the CA and VA cases. 
An important conclusion is that it seems clear that the higher Ki1 for CA cyclic loading produces larger ǻa, while 
the lower values of Ki1 in VA produced smaller values of tearing increment ǻa.  This result is consistent with the 
general understanding of the effect of K, which gauges the severity of the crack condition, on fatigue crack growth.  
A second important conclusion is that the Ki1 for CA cyclic loading is higher than the KIc for this material.  The VA 
Ki1 is about equal to the material’s KIc and thus this result provides broad support for the proposal of earlier 
researchers [3,7] that tearing is associated with KIc.
In support of the observation of a direct correlation between the magnitudes of K and the resulting ǻa, it is worth 
emphasising that these observations are based on the K and ǻa for the first onset of tearing.  In this early tearing, the 
amount of ǻa is affected to the minimum extent by the prior load history and should be unaffected by earlier 
changes in crack front shape.   
Specimen K is of particular interest; while this specimen might appear to give an anomalous result in terms of Ki1,
the result clearly shows that the nature of the loading for this specimen provided a first overload which exceeded the 
value of K which was observed in other specimens to be associated with tearing onset (suggested as 30 ± 1 MPa¥m
in this study).  The results are however consistent with the proposition that when the specimen reached this threshold 
K value, tearing started, and the further increase in K during the cycle led to the apparently anomalous larger value 
of ǻa.
5. Conclusions 
The stress intensity factors at which tearing starts are consistent, but different, for CA and VA conditions.  In 
constant-amplitude cycling,  tearing starts at a K higher than KIc, while the VA tearing occurs at Kmax § KIc.  The 
higher stress intensity factor at onset in CA resulted in larger tearing advance while the VA tests exhibited less 
tearing advance.  
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